ABSTRACT: Kinetics of oxidation of D-arabinose and D-xylose by acidic solution of vanadium (V) ions in the presence
Introduction
The biological and economic importance of carbohydrates has been largely responsible for the interest in the study of their biochemical and physiochemical properties along with their reactivity. Studies have been carried out on the structural elucidation, chemical degradation, and oxidation reactions. The catalytic oxidation of sugars has been carried out both in acidic and alkaline media, using such oxidants as transition metal ions, inorganic acids, organometallic complexes, and enzymes [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] .
Recently Mn (II) was reported to catalyze the oxidation of arabinose and xylose by Ogunlaja et al.
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Orbital Elec. J. Chem., Campo Grande, 2(2): 127-139, 2010 128 128 chromium VI [10] . In view of the biological importance of carbohydrate and the limited research carried out using Mn (II) as catalyst, this study seeks to report the catalytic importance of Mn (II) in the oxidation of arabinose and xylose using vanadium V as oxidant.
The aim of this study is to determine the kinetic orders with respect to each reactant of the reactions, as well as to present a suitable reaction mechanism for the oxidation of the reducing sugars under investigation.
Material and Methods
All chemicals were of analytical reagent grade and were used as received.
Vanadium (V) (BDH) was prepared by dissolving 3 g of NH 4 VO 3 in 40 cm 3 of 2 M NaOH and 80 cm 3 of 1M H 2 SO 4 were added to the mixture. A yellow solution indicates
Vanadium (V) [11] .
In preparation of the required concentration a dilution factor was employed and its concentration was checked iodometrically. A solution of MnCl 2 (Uchem limited) was prepared by dissolving the sample in known strength of very dilute hydrochloric acid (0.001 M). The standard solutions of arabinose and xylose (A. R. grade) were freshly prepared with double-distilled water. The standard solution of HClO 4 (E. Merck) was used to maintain the required acidity. KCl (Analar) was prepared by dissolving its required amount in doubly distilled water to fix the Cl − ion concentration; and NaClO 4 (Analar) was used to maintain the required ionic strength of the medium.
Kinetic Measurements
Appropriate quantities of the solutions of V (V), HClO 4 , MnCl 2 , KCl, and NaClO 4 were placed in separate glass vessels and kept for at least one hour in a thermostated water bath after reaching the temperature of 40 o C; then, the calculated amount of each reaction mixture was added together into a particular glass vessel, followed by the required amount of double-distilled water mixed together. The reaction mixture was then placed in a thermostated water bath maintained at a constant temperature of 40 o C (±0.5 o C) and the reaction was initiated by adding the required amount of oxidant solution placed separately in the same bath. The reaction progress was followed by estimating the decrease in the absorbance of V (V) spectrophotometrically at 525 nm in regular time intervals.
Polymerization Test
To test for the presence of free radicals in the reaction a 20% acrylamide solution was added to reaction mixtures containing the substrate and the vanadium (V) solution and then placed in an inert atmosphere for 24 hours. When the reaction mixture was Ogunlaja et al.
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Stoichiometry and product analysis
Reaction mixtures, in which the concentration of V (V) presented a large excess of the reducing sugars, were kept in the presence of appropriate quantities of KCl, NaClO 4 , MnCl 2 , and HClO 4 at room temperature for 72 hours. Estimation of the unreacted V (V)
showed that 1 mol of each sugar consumes 1 mol of V (V) for oxidation to take place, on the assumption that all the sugars are consumed under this condition. Formic acid was confirmed as one of the oxidation products of these two sugars using spot test [12] . 
Results and Discussion
The progress of the reaction was followed by measuring the decrease in absorbance of the vanadium (V) ions at regular time interval, using a UNISPEC SM7504UV spectrophotometer. The pseudo first-order rate constants (k obs ) were determined from the linear portion of the plots of log (absorbance) versus time [16] . From the observation of Table 1 Average linear regression coefficients, r ≥ 0.89, were observed for all activation parameters.
Mechanism: Reaction Scheme
In our study comparing the oxidation of xylose and arabinose by V (V) in the presence of Mn (II) chloride as homogeneous catalyst, the entropy of activation was negative; this suggests the reaction proceeds through a hydride transfer process for complex formation. Thus, when vanadate is acidified by a perchloric acid the yellow pervanadyl ion, VO 2 + , is formed as the initial species [14] .
This may exist in hydrated form V (OH) 4 + [15] . In a stronger perchloric acid (H + > 2 M) the species becomes protonated to form VO (OH) 2+ [13] .
A reaction mechanism based on the observed kinetic results and the spectral information collected for the formation of complex presents itself as proposed in the reaction scheme below [17] :
Where SH + represents the protonated form of the sugars.
The protonated sugar then reacts with the catalyst Mn (II), according to the equation (3) below to give the first complex labelled C 1 .
The positively charged complex then reacts further with the protonated vanadium Ogunlaja et al.
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Equation (4) is supported by the positive effect of the addition of sodium perchlorate to the rate of the reactions; it indicates that reactions take place between ions of similar charges [18] . The lower aldose undergoes further oxidation with the protonated chromic acid to yield the erythronic acid.
From the proposed mechanism, the rate of the reaction in terms of decrease in the concentration of V (V) was derived as:
From the reaction mechanism the total Mn (II), i.e., Mn (II) T , is given below:
where Mn(II) = Mn(II) T -C
Substituting equation 7 into the equation below:
Making the complex 'C" subject of the formulae: .s and 0.064 moldm -3 .s respectively. The table 4a and 4b below gives the value of k 3 K 2 K 1 and k 3 obtained from the various plots above. Average linear regression coefficients, r ≥ 0.9, were observed for the parameters. 
Conclusion
Vanadium, like other transition metals, has catalytic properties due to its participation in the rate determining step (slow step); the vanadium V catalyst works by providing an alternative reaction pathway to the reaction product. The rate of the reaction is increased as this alternative route has lower activation energy than the reaction route not mediated by the catalyst. Our conclusions are based on the spectral information and the observed kinetic data. ii. The value of activation energy (Ea) of the catalyzed and the uncatalysed paths is consistent with the accepted view that a slow reaction would require a higher energy of activation and also that the reactions are catalysed by Mn (II) under the reaction conditions.
